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Calcined anionic clay based on zinc and aluminum was used to remove the pollutant CrO42- from 
wastewater. This adsorbent material derived from layered double hydroxide (LDH) was chosen for 
its higher adsorption capacity, its affinity for most pollutants, and its non-toxicity. The kinetic study 
suggesting a high affinity between the pollutant and calcined LDH (CLDH). The pollutant is retained 
in multilayer and follows the Freundlich model. Thermodynamic study indicates a physical 
interaction. The elimination reaches 100% with a retention capacity of 3333 mg/g. After cycles of 
regeneration and in comparison with other adsorbents, CLDH has proven its efficiency and high 
performances to remove CrO42- anions.  
________________________________________________________________________________ 
Introduction 
Wastewater pollution represents one of 
the most worrying aspects of the global 
environmental crisis, and is currently of 
particular importance at international level [1]. 
Among the toxic pollutants, chromium 
compounds have been the subject of much 
research and attention in recent years [2,3]. The 
main human activities that increase the 
chromium concentrations in water are the 
manufacture of chromed steel, chromium as an 
additive in alloys or as a dye and mordant in 
dyeing, the rejects of electroplating workshops, 
the products of wood preservation, etc. [4,5]. Its 
toxicity depends on the oxidation degree. 
Trivalent and hexavalent chromium are the two 
stable forms. The latter is more toxic than the 
first one because it is very soluble and can be 
accumulated by absorption in the body over 
biological films, especially in the stomach and 
kidneys. It can be bioaccumulated by various 
organisms, including plants, through 
contaminated irrigation water. In these cases, it 
can become one of the food contaminants that 
can affect human health [6,7]. For these reasons, 
its removal from wastewater seems necessary to 
reduce its harmful impact on the ecosystem in 
general. The limit value of hexavalent chromium 
authorized in water is around 0.051 mg/L [8,9]. 
Cr(VI) is considered one of the pollutants which 
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are mutagenic and carcinogenic [10,11], it also 
causes cutaneous and respiratory 
hypersensitivity [12]. In addition to its toxicity, 
Cr(VI) causes a threat to surface water and 
groundwater due to its high mobility in most 
neutral and alkaline soils [13].   
There are many conventional techniques 
for treating effluents contaminated with 
chromium; these include membrane filtration, 
precipitation, ionic exchange and adsorption. The 
use of membranes and ionic exchange are 
effective methods of elimination, but they remain 
expensive and therefore not very applicable to 
the production of drinking water. Adsorption is a 
simple, effective, economical method and 
remains the most used for the retention of 
wastewater pollutants [14-16]. The elimination 
of this heavy metal by adsorption has been the 
thing of several studies [17-22]. 
The goal of this work is to assess the 
elimination capacity of CrO42- by adsorption on 
calcined anionic clay based on zinc and 
aluminum. The study includes the influence of 
several parameters on the elimination rate, such 
as the contact time adsorbate-adsorbent, the 
medium pH, the material mass, the chromate 




The hydrotalcite material Zn-Al 
intercalated by carbonate anions was synthetized 
by coprecipitaion method at pH 10 from a 
mixture of metal salts (ZnCl2) 0.5 M and (AlCl3) 
0.5 M with a metal ratio Zn/Al = 2. The pH was 
maintained at 10 by adding a solution of basic 
anions containing 0.75 M Na2CO3 and 0.25 M of 
NaOH. At the end of the precipitation reaction, a 
maturation time of 72 hours with moderate 
stirring was adopted, and then the hydrotalcite 
material obtained was calcined at 500 °C for 5 
hours. 
Adsorption experiments 
Retention at different time was conducted 
by batch tests. The mixtures were prepared by 
dispersing an amount of CLDH (30, 50 or 80 mg) 
in 100 mL of Cr(VI) solutions at different 
concentrations, varying from 40 to 800 mg/L. 
The pH was kept constant by adding dilute 
solutions of HCl (0.1 M) or NaOH (0.1 M). After 
retention, the adsorbent material was separated 
by filtration and analyzed by XRD, IR, 
TGA/DTG, and SEM/EDS. The filtrate was 
analyzed by UV-Vis for determining the residual 
concentration of Cr(VI). The retention capacity 
was assessed using Eq. (1): 
Q = (Ci − Ce)  V/m                                        (1)    
Where Q represents the quantity of Cr(VI) 
retained by mass of CLDH (m) in the volume V. 
Ci and Ce represent the pollutant concentrations 
before contact and after equilibrium. 
Quantification of chromate anions (CrO42-) 
UV-Vis spectrophotometry assay method 
was exploited to identify the concentration of this 
pollutant by adding the reactive 1,5-
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diphenylcarbazide (DPC) in the solution, this 
technique is only applicable in a strongly acidic 
medium. The Cr(VI) analysis protocol is detailed 
by Dedkova et al. [23]. In this medium, 
hexavalent chromium reacts completely with 
DPC (Figure 1a) to form a purple complex 
(Figure 1b) [24]. This complex can be quantified 
at a wavelength of 540 nm. 
 
Figure 1. Structure of DPC (a) and Cr(VI) complexed by 
DPC (b). 
Characterization techniques 
After retention process of Cr(VI), the 
residual concentration was determined by UV-
Vis spectrophotometer (JENWAY-6300) and the 
solid was characterized by infrared spectroscopy 
(JASCO model FT/IR-4600, 4 cm−1 of resolution 
and 20 is a number of scans), scanning electron 
microscopy with electron dispersive 
spectroscopy (TESCAN Vega 3 LM, 
accelerating voltage of 10 kV), X-ray diffraction 
(XPERT-PRO powder diffractometer, copper K 
radiation, measurement conditions were 2h range 
5-70°, step size: 0.08-2 h, and step counting time: 
4 s) and thermogravimetric analysis TGA/DTG 
(Setaram, heating rate of 5 °C/min). 
Results and discussion 
XRD characterization of the adsorbent  
XRD technique offers clues on the 
obtained phase (Figure 2). The LDH material 
corresponds to a well-crystallized compound, 
intercalated by carbonate anions. The 
corresponding interlamellar distance is of the 
order of 0.763 nm with a space group R 3 m . 
 
Figure 2. X-ray pattern of LDH phase [Zn2-Al-CO3]. 
Effect of pH 
 To study the influence of pH on 
chromium adsorption by CLDH, an initial 
concentration of Cr(VI) equal to 50 mg/L and a 
quantity of CLDH adsorbent of 50 mg was used 
for a pH range varying from 4 to 11. The CLDH-
Cr(VI) contact time was fixed at 3 h for each 
solution at fixed pH. After filtration, 2.5 mL of 
the DPC solution was added to the filtrate. After 
the formation of the complex, the absorbances 
were determined. The evolution of the 
hexavalent chromium retention versus pH is 
represented in Figure 3a. 




Figure 3. Evolution of the adsorbed amount of Cr(VI) at different pH (a) and speciation diagram of chromium (b). 
 
The results of Figure 3a have shown that the 
maximum retention reaches 147 mg/g for a pH 
value between 5 and 9. At this pH range and with 
the concentration used, the chromium retention 
mechanism can be done under two anionic forms, 
HCrO4- and CrO42-. The diagram of the 
distribution of the different chromic species with 
respect to the concentration as a function of the 
pH is given in Figure 3b [25]. Hexavalent 
chromium is mainly found in natural waters in 
the form of H2CrO4, which dissociates in ionic 
forms CrO42- and HCrO4-. When the pH is equal 
to 4, the decrease in the retained quantity can be 
caused by hydrolysis of the adsorbent material 
[26]. The relative and a gradual decrease in the 
adsorption capacity of CLDH at pH ˃ 9 could be 
probably the result of the chromate anions 
competition with carbonate anions [27]. 
 
 
The following adsorption experiments will be 
done at pH 7 close to that of natural water where 
the Cr(VI) is under anionic form CrO42-. 
Effect of contact time 
 Adsorption kinetics is known to be one of 
the major parameters that determine the retention 
capacity. For the establishment of the adsorption 
equilibrium, we followed over time, the variation 
of the adsorbed quantity. For this, 50 mg of 
CLDH was brought into contact with 100 mL of 
Cr(VI) solutions at initial concentrations of 50, 
200 and 800 mg/L. The solution stirred 
magnetically at 25 °C with varying times of 5 to 
210 min. The curves representing the evolution 
of the adsorption potential of chromium versus 
time are exposed in Figure 4a. 
 To follow the kinetics parameters, several 
linearized models are established: 
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The linearization of the first kinetic model is 
presented by Eq. (2), for the second model is 
written in Eq. (3) [28]: 
Log (Qe-Qt) = Log (Qe) - k1t                           (2) 
t/Qt = 1/k2Qe2 + t/Qe                                                         (3) 
With Qe, the retained quantity at equilibrium 
(mg/g), Qt, the quantity retained at time t, k1: the 
pseudo-first order model rate constant (min-1), 
and k2: the rate constant (g/mg/min) of the 
pseudo-second order model. 
 Figure 4a shows that the retention 
kinetics of Cr(VI) on CLDH is very fast. The 
parameters are listed in Table 1; the R2 values 
corresponding to the pseudo-first order model are 
so far from unity, which confirms that the kinetic 
process is well described by the pseudo-second 
order model. 
 
Figure 4. Kinetics adsorption of Cr(VI) by CLDH (a), pseudo-second order model (b), pseudo-first order model (c) and 
intraparticle diffusion model (d). 
 The variation in the retention of CrO42- by 
CLDH according to time shows that the 
adsorption equilibrium is very fast with a 
maximum experimental retention amount of  
2353 mg/g for 50 mg of CLDH and [Cr(VI)] = 
800 mg/L. This result agrees with recent works  
of the adsorption of Cr(VI) by LDH [29,30]. 
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Table 1. Parameters of the pseudo-first and pseudo-second order kinetic models  




 The intraparticle diffusion model was 
used to evaluate its contribution in the retention 
process, it can be expressed by Eq. (4) [28]: 
Qt = Kidt1/2 + C                                               (4) 
With Kid is the kinetic constant of intraparticle 
diffusion (mg/g/min1/2) and C, the thickness of 
the double layer (mg/g). 
 Figure 4d shows single linearity for each 
concentration (50, 200 and 800 mg/L). This 
observation indicates that the adsorption process 
takes place in one step. We can consider that the 
existence of a single step is probably attributed to 
the diffusion of CrO42- between LDH sheets with 
reaching state of equilibrium. 
 
 
This result indicates that the retention is rapid, 
suggesting the achievement of a saturation state, 
and the reconstruction of an anionic clay with 
adsorption on the surface and insertion of CrO42- 
between the reconstructed LDH sheets. The 
interaction between LDH and Cr(VI) is probably 
affected by the presence of a hydrogen bond 
between the hydroxyl group (OH) of the layer of 
reconstructed LDH and the oxygen of the 
chromate anion (CrO42-). 
 The constants for intraparticle diffusion 
are provided in Table 2. The rate constants Kid 
are directly evaluated from the inclines of the 
straight lines. Some information is given from 















50 - 0.0031t – 3.0645 0.003 147 0.047 0.017 
200 - 0.0111t – 1.9262 0.011 588 0.146 0.233 

















50 0.0068t – 5 10-6 0.108 147 147 1 
200 0.0017t – 1 10-6 0.346 588 588 1 
800 0.0004t – 8  10-8 0.500 2500 2353 1 
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resistance of the quantity of external mass of the 
adsorbate [31]. The constant C increases from 
147 to 2353 mg/g as the pollutant concentrations 
increases from 50 to 800 mg/L. This indicates a 
decrease in the chances of external mass transfer, 
thus increasing the chances of internal mass 
transfer [32-34]. The values of R2 are not all close 
to unity, which calls into question the 
applicability of this model alone. The linearity of 
the curves can demonstrate the role of 
intraparticle diffusion in the retention of Cr(VI) 
by CLDH. However, some authors have shown 
that if intraparticle diffusion is the only limiting 
step, it is necessary that the Qt versus t1/2 curves 
cross the origin [35,36], which is not the case in 
Figure 4d. Therefore, the model of intraparticle 
diffusion cannot be the only step in these 
conditions [37]. It should be concluded that the 
adsorption in the surface and the diffusion 
function simultaneously during the contact of Cr 
(VI) with CLDH. 
Table 2. Parameters of the kinetic model for intraparticle 
diffusion of Cr(VI) 
 
  
Thermodynamic parameters  
Thermodynamic parameters are 
investigated to examine the impact of the 
temperature on Cr(VI) (800 mg/L) adsorption on 
CLDH (50 mg). The parameters concerned, ΔS° 
(entropy), ΔH° (enthalpy) and ΔG° (Gibbs free 
energy), were identified using Eqs. (5-7): 
Kc = Qe/Ce                                                                             (5) 
Ln (Kc) = (ΔS°/R) – (ΔH°/RT)                       (6) 
ΔG° = -(RT)  Ln(Kc)                                     (7) 
Kc represents the constant at equilibrium, R, the 
ideal gas constant and T, the solution 
temperature. From the obtained results (Table 3), 
the value of ΔH° indicates that this adsorption is 
endothermic and ΔG° suggests the spontaneity of 
retention of this pollutant [38,39]. The value of 
ΔH° (28.39 kJ/mol) indicates that the mechanism 
of adsorption of Cr(VI) by CLDH is physical. 
ΔS° > 0 implies the existence of a disorder at the 
adsorbate-adsorbent interface [40]. 
Ea represents the energy of activation is 
linked to the pseudo-second model rate constant 
(k2) by the following Arrhenius relation:  
Ln (k2) = Ln (A) - Ea/RT                                 (8) 
Where A is the Arrhenius factor. 
The value of Ea (22.32 kJ/mol) confirms 
that the retention mechanism is governed by a 
physisorption [41]. Other researchers have 









50 0.0014 147 0.981 
200 0.0004 588 0.952 
800 0.0002 2353  0.936 
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9.757 - 24.17  
28.39          
 
175.56 318 10.131 - 26.78 
333 11.010 - 30.48 
 
 Isotherms models of adsorption 
The linear transformations of Langmuir 
and Freundlich isotherm models are represented 
respectively by Eqs. (9) and (10) [28]: 
Ce/Q = 1/(KQm) + Ce/Qm                                                (9) 
Ln Qe = Ln KF + 1/nLn Ce                                       (10) 
With K: the Langmuir constant; Qm: the 
maximum adsorbed amount (mg/g); n and KF: 
the Freundlich constants. 
The study of adsorption isotherms makes 
it possible to determine the adsorption capacity 
of CrO42- on the adsorbent (CLDH) and the type 
of adsorption mechanism. This study is realized 
with different concentrations of pollutant and for 
different masses of CLDH equal to 30, 50 and 80 
mg for 30 min stirring at pH 7 and at T = 25 °C. 
Figure 5a illustrates the evolution of the adsorbed 
amount at equilibrium versus the residual 
concentration of Cr(VI). The obtained graphs 
display that the isotherms are of L type [44].
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Figure 5. Adsorption isotherms (a) and linear representation of the Langmuir (b) and Freundlich (c) models of Cr(VI) 
adsorption by CLDH. 
 
Figure 5b illustrates the linear plots of the 
adsorption isotherms according to the Langmuir 
model and Figure 5c represents the linearization 
by the Freundlich model. 
In Table 4, we present the parameters 






























30 3333 30.00 0.801 54.64 1.447 0.982 
50 1667 11.99 0.353 42.13 1.377 0.962 
80 625 26.67 0.341 31.98 1.937 0.989 




This result suggests that the model of 
Freundlich represents perfectly the mechanism of 
retention, with correlation factor near to unit. The 
Freundlich model relates the energy required to 
retain the adsorbate and the number of sites of the 
adsorbent material [45]. 
However, KF and n are characteristic 
parameters of the adsorbate-adsorbent, the 
Freundlich KF constant is linked to the adsorption 
amount of Cr(VI). This constant increases when 
the experimental value of Q increases. The n 
factor is higher than 1, suggesting a favorable 
retention process and that the retention sites are 
homogeneous [46,47]. The process is explained 
probably by the fixation of CrO42- anions by 
hydrogen bonds and electrostatic interactions 
with the hydroxyl groups of the LDH sheets. 
Similar results have been reported by other 
authors for Cr(VI) adsorption by MgAlFe-LDH 
[48], by CoBi-LDH [49], and by calcined 
material based on zinc and aluminum and 
ZnAl/Fe3O4 [27]. 
Effect of mass ratio Cr(VI)/CLDH 
This study shows that the total 
elimination (100%) is obtained for a mass ratio 
Cr(VI)/CLDH between 0.075 and 8 (Figure 6). 
We can consider that the optimum 
adsorbate/adsorbent ratio is 8 and the 
experimental retention capacity achieved 3333 
mg/g. 
 
Figure 6. Removal rate of Cr(VI) as a function of the mass 
ratio Cr(VI)/CLDH. 
 
Analysis by XRD, IR and TGA/DTG 
 The diffractograms of X-ray are shown in 
Figure 7a. For the calcined phase (CLDH), we 
note the destruction of LDH phase after 
calcination with the appearance of ZnO in 
amorphous form. After rehydration, the retention 
of the CrO42- anions lead to the reconstruction of 
a single LDH phase characterized by an 
interlamellar distance of 0.902 nm, which 
confirms the insertion of the chromate anions 
between the LDH sheets. Figure 7b represents 
the IR spectrum of the phase obtained after 
adsorption of Cr(VI) by CLDH. The infrared 
spectrum of CLDH results in a band at 3430 cm-
1 which corresponds to the vibrations of OH and 
by metal-oxygen vibrations with a Zn-O band at 
615 cm-1 and that of Al-O at 553 cm-1 [50]. On 
the spectrum of K2CrO4 (Figure 7b), we can note 
on either side of the main band at 890 cm-1, which 
is attributed to the symmetrical molecular 
vibration ν (Cr-O), the existence of a shoulder at 
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943 cm-1 which may suggest a lower symmetry 
of the chromate anion. This is apparently due to 
the deformation of the chromate anion caused by 
the high pressures used to shape the samples to 
be analyzed [51]. From the obtained results after 
retention of Cr(VI) by CLDH, it can be seen on 
the corresponding IR spectrum (Figure 7b) that 
the bands around 400 cm-1 are characteristic of 
LDH sheets reconstructed from mixed oxides. 
The wide and intense band at about 3430 cm-1 
corresponds to the OH valence vibrations, and 
the band around 1430 cm-1 is characteristic of the 
vibration band of carbonate anions ν (CO32-). The 
characteristic bands of the matrix sheets 
correspond to the metal-oxygen vibrations for 
(Zn-O) around 615 cm-1 and for (Al-O) around 
554 cm-1. Finally the bands of 750 to 920 cm-1 
are characteristic of the chromate anion vibration 
bands (CrO42-) [30,51,52]. The band appearing at 
880 cm-1 is characteristic of the ν3 vibration of 
chromate anions. The ν2 and ν4 vibrations of 
chromate ions, at 348 and 368 cm-1 respectively 
[53], are outside the frequency domain explored. 
The vibration ν1 at 847 cm-1 [53] very close to the 
vibration ν3 is probably masked by the 
characteristic band of the latter. We are therefore 
led to argue our analysis, only from a possible 
bursting or not of the vibration ν3. The shoulder 
of this vibration which appears around 917 cm-1 
indicates a lowering of the symmetry; it can be 
attributed to the elongations (Cr-O) [51]. In 
addition, if we consider the band detectable at 
780 cm-1 as a burst of the vibration ν3, then we  
can estimate that the chromate anions are totally 
linked or more exactly bi-linked taking into 
account the bursting mode ν3 in three bands and 
their relatively high difference of about 137 cm-1 
characteristic of this bi-linked state [54]. 
The thermogravimetric analyses curve in 
Figure 7cshows the different thermal events 
occurring in this phase intercalated by the 
chromate anions. First, the surface H2O 
molecules evaporate up to 100 °C. Then between 
100 and 200 °C, a loss which clearly differs from 
the first is attributed to the interlamellar water. 
Above this temperature and up to 400-450 °C, the 
dehydroxylation of the layers of LDH [Zn2-Al-
CrO4] is observed. It can be noted that the last 
loss may be due either to the elimination of the 
pollutant or to a reduction of chromium. 
The characterization by XRD (Figure 7d) 
of the residual product of the heat treatment 
shows chromium enrichment due to its 
persistence, which results in the arrangement of 
a spinel form contains the chromium. However, 
it can be noted that the transformation of Cr(VI) 
into Cr(III) occurs around 460 °C as suggested 
by the thermogravimetric curve. The spinel phase 
resulting from the thermal decomposition of 
[Zn2-Al-CrO4] has a lattice parameter a = 0.815 
nm. This value is slightly greater than that 
recorded for ZnAl2O4 (a = 0.808 nm), given the 
incorporation of chromium whose ionic radius 
(rCrIII = 0.069 nm) is higher than that of aluminum 
(rAlIII = 0.050 nm). Recall also that the spinel 
phase ZnCr2O4 has a lattice parameter a = 0.832 
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nm [54]. We can therefore think that we are in 
the presence of a mixed spinel Zn(Al2/3Cr1/3)2O4. 
The relative proportions of aluminum and 
chromium take into account that there is twice as 
much aluminum as chromium in the starting 
compound [Zn2-Al-CrO4]. 
 
Finally, from the thermogram of [Zn2-Al-
CrO4] which has a shape which differs from that 
of LDH intercalated by the carbonate anions [2], 
it can be concluded that the product obtained 
after retention of the chromate anions is single-
phase and therefore has no carbonate anions 
between the layers. This result consolidates those 
obtained with the other characterization 
techniques and thus confirms the retention of 
Cr(VI) pollutant by CLDH. 
Figure 7. X-ray diffractograms of LDH, CLDH and [Zn2-Al-CrO4] phase obtained after retention of CrO42- (a); IR spectra 
(b); TGA/DTG curves of [Zn2-Al-CrO4] (c) and X-ray diffractogram of the [Zn2-Al-CrO4] phase calcined at 900 °C (d).   
Analysis by SEM/EDS On the SEM image corresponding to the 
CLDH phase (Figure 8a), there is an absence of 
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lamellar character which may be due to the 
destruction of the LDH phase with the 
appearance of aggregates probably 
corresponding to mixed oxides. 
Figure 8b gives the SEM image 
corresponding to the phase obtained after 
retention of CrO42-. The sample studied shows 
aggregates consisting of crystallites 
perpendicular or parallel to the image. These 
crystallites are of different sizes may go up to 
1.78 µm. This lamellar character proves the 
reconstruction of the LDH phase from mixed 
oxides through their memory effect kept from the 
starting LDH [46,55]. The EDS analysis of the 
[Zn2-Al-CrO4] phase was carried out on distinct 
points in the same crystal. The X-ray emission 
spectrum showed, in addition to zinc and 
aluminum emissions, the presence of chromium 
and oxygen (Figure 8c), confirming the 
intercalation of CrO42-. 
Figure 8. SEM photographs of CLDH (a) and of [Zn2-Al-CrO4] obtained after retention of Cr(VI) (b), and X-ray emission 
spectrum of the [Zn2-Al-CrO4] phase (c). 
Structural model In light of these results, we can confirm 
that the chromate anion is intercalated in the 
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interlamellar space and linked to the 
reconstructed phase by hydrogen bonding with a 
distance between the sheets of 0.902 nm. 
Knowing the thickness of the brucitic-type layer 
(e = 0.21 nm) and hydrogen bonds distance that 
is 0.27 nm, we can determine the value of the 
CrO42- anion length by the semi-empirical 
method with Gaussian 03 software. 
According to previous work [54,56], 
tetrahedral geometry anions can be housed 
between LDH sheets by adopting two possible 
arrangements: 
• With three oxygen atoms pointing to a hydroxyl 
plane and the fourth oriented to the other 
hydroxyl plane. This arrangement corresponds to 
the maximum deviation and will give a 
calculated interlamellar distance of the order of 
0.22 nm. 
•  With two atoms of oxygen pointing on each of 
the adjacent hydroxyl planes. This is a provision 
which corresponds to the minimum spacing and 
will give a distance of the order of 0.18 nm. This 
last disposition is that which is in conformity 
with the distance found experimentally. 
This value is comparable to that reported 
by other authors allowing favoring an orientation 
of the chromate anion between the LDH sheets 
consistent with the proposal of Pan et al. [57,58]. 
The chromate anions are arranged along the axis 
C2 perpendicular to the sheets with an 
experimental interlamellar distance d = 0.902 
nm. Figure 9 display the orientation of CrO42- 
intercalated between the sheets of reconstructed 
LDH. 
 
Figure 9. Structural model of the orientation of CrO42- 
between LDH sheets. 
The distance can be calculated from particle size 
and the length of bonds: 
d = 0.21 + 0.27 + 0.27 + 0.18 = 0.93 nm  0.902 nm 
Although the experimental value is 
slightly less than that calculated, this is due to the 
existence of hydrogen bonds (LH) and 
electrostatic interactions among CrO42- and the 
LDH sheets. This is probably leading to a slight 
contraction of the chromate anion that is Cr-O 
bond lengths and O-Cr-O angles decrease 
slightly after intercalation of the CrO42- anion 
between LDH sheets [30,58,59]. The water 
molecules are always present in the interlamellar 
area; they probably take place between the 
chromate anions because they do not intervene in 
the determination of the gallery space in our 
experimental conditions. 
 
Recycling study of adsorbent material 
The efficiency of elimination of the pollutant 
by CLDH corresponds to the CrO42- anions 
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retained after a series of cycles using the optimal 
ratio (Cr(VI)/CLDH = 8) which corresponds to 
total elimination of Cr(VI). Regeneration takes 
place through a series of cycles, each of which 
includes calcination-rehydration-retention of 
polluting anions and their exchange by carbonate 
anions and then recalcination. The chromate 
removal rate is evaluated by Eq. (11): 
% Removal rate = ((Ci - Ce)/Ci)100            (11) 
Figure 10 shows the percentage of Cr(VI) 
removed from the different solutions after Cr(VI) 
retention and exchange reactions with carbonate 
anions (Na2CO3). Examination of the graph 
shows that the removal rate of Cr(VI) increases 
from 100% to 99.5% after the sixth regeneration 
cycle. This decrease, which does not exceed 
0.5%, indicates that the material used is an 
interesting adsorbent material because it shows a 
great capacity for regeneration. 
Figure 10. Retention rate of Cr(VI) by CLDH after six cycles of regeneration. 
 
Comparative study 
Many materials are used for the removal 
of hexavalent chromium such as activated 
carbon, biocomposites, ion exchangers, modified 
fly ash, etc. In this section, we will compare the 
results of this study with those cited by other 
authors based on the removal rate and the 
maximum retention capacity of Cr (VI) with 
different adsorbent materials (Table 5). 
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Calcined anionic clay  3333 100 This study 
Granular Ferric Hydroxide (GFH) 13.69 100 [60] 
Amino-functionalized MIL-101(Cr) 
(AFMIL) MOF 
44 73.6 [61] 
Activated carbon based on wood 70.95 40.04 [62] 
Zinc chloride activated biomass 314.4 100 [63]      
Graphene oxide 1.22 92.8 [64] 
LDH MgAl 88.07 - [65] 
Synthetic hydrothermal LDH 68.07 96 [46] 
Calcined Mg-Al-CO3 120 - [29] 
ZnAl layered double hydroxide sheet 
microphones 
223.24 98 [59] 
Modified fly ash 12.34 97.48 [66] 
Manganese powder extracted from the 
battery 
125 40.80 [67] 
Graphene oxide/polyamidoamine 90.7 72.8 [68] 
Calcined ZnAl and Fe3O4/ZnAl 23.6 90 [27] 
Freshwater Snail Shells (FSSs) 
containing CaCO3 
8.85 41.86 [69] 
Ca-Al layered double hydroxide 59.45 96.7 [70] 
Manganese oxides and boehmite 178.85 100 [71] 
Chitosan and poly(1-vinylimidazole) 196.1 55 [72] 
Dried water hyacinth root (DWHR) 1.28 95.43 [73] 
 
 
According to this comparative study, it is 
noted that the elimination of Cr(VI) by CLDH 
which is total (100%), is greater than that 
obtained with other materials. With a retention 
capacity reaches 3333 mg/g, CLDH can be 
classified as having relatively a very high 
capacity. This makes this material more efficient 
compared to the other adsorbents cited in the 
literature and therefore can be considered 
promising for eliminating such pollutants. 




In aqueous solution, calcined anionic clay 
based on Zn and Al has shown its adsorption 
efficiency for Cr(VI). From the obtained results, 
it can be considered that the amount of retention 
increases when the mass of CLDH decreases 
regardless of the initial concentration of the 
studied pollutant. This leads to confirm that the 
cost can be reduced by using a few amounts of 
the adsorbent support for the removal of Cr(VI). 
The optimal pH is 7 and the equilibrium time is 
30 min. The pseudo-second order model 
describes well the adsorption kinetic process. 
The thermodynamic study confirms that the 
retention is governed by a physisorption 
mechanism. The retention process is described 
by the Freundlich model, which implies that sites 
of adsorption are homogeneous. The elimination 
of Cr(VI) is always almost total after six 
regeneration cycles with a high retention 
capacity. This calcined anionic clay has 
demonstrated its best efficiency for the 
elimination of this emerging and toxic pollutant, 
with the opportunity of its good regeneration. 
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